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The Rough Endoplasmic Reticulum Contains a Constitutively-Open,
15-Angstrom Pore
William Wonderlin.
The endoplasmic reticulum is permeable to a variety of small molecules, rang-
ing from calcium to sugars and small peptides. We previously reported that
constitutively-open, Sec61 translocons provide a non-selective pathway for
small molecules to cross the ER membrane (Pflugers Arch., 457:917). The
goal of the present study was to determine the size of the pathway through
which small molecules passively cross the ER membrane by comparing the rel-
ative permeabilities of a series of neutral sugars, including ribose, galactose,
sucrose, and raffinose. Rough ER microsomes from pig pancreas were immo-
bilized on a coverslip, and a low-power, total internal reflection microscope
was used to detect changes in light scattering produced when the flowing
bath solution was changed from 140 mM K-Acetate/2.5 mM MgCl2/10 mM
HEPES to the same solution supplemented with 100 mM of one of the sugars.
All of the sugars produced an increase in scattering that recovered exponen-
tially, with the rate of the recovery inversely proportional to the Stokes radius
of the sugar. The time constants for recovery were fitted using a Bungay-
Brenner function, which models a pore as a simple cylinder and permeation
as diffusion without specific interaction of a permeant molecule with the
wall of a pore. The relative permeabilities of the four sugars were fitted very
well by the Bungay-Brenner function, yielding an average pore diameter of
15 angstroms. Thus, there appears to be a pathway for these sugars to cross
the ER membrane that is constitutively active and can be modeled as a 15 ang-
strom pore. Furthermore, the release of nascent chains by puromycin increased
the rate of recovery, whereas treatment with EDTA, which strips ribosomes
from the ER membrane, decreased the rate of recovery. Both effects are consis-
tent with the Sec61 translocon contributing to this pathway.
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Calmodulin Independent Trafficking of Kv7.2 Channels
Alvaro Villarroel, Juan Camilo Gomez-Posada, Paloma Aivar,
Alessandro Alaimo, Ainhoa Etxeberria, Juncal Fernandez-Orth, Pilar Areso,
Araitz Alberdi.
Helices A and B of the C-terminus of Kv7 channels constitute the calmodulin
(CaM) binding site, an auxiliary protein required for exiting the endoplasmic
reticulum (ER) and reaching the cell surface. CaM has also been proposed as
a regulator of the biosynthesis and assembly of Kv7 subunits. Mutations in
this binding site that impair association between Kv7.2 and CaM lead to Benign
Familial Neonatal Convulsions (BFNC), a dominantly inherited human epi-
lepsy. However, it is still unclear whether CaM binding to Kv7 is constitutive
and required for channel function. Using Tac chimeras, we have identified pos-
sible trafficking signals within the CaM binding site of Kv7.2. In addition, we
have identified a point mutation (S511D) within the trafficking site of helix B
that disrupts CaM binding. In contrast to other CaM-binding disrupting muta-
tions that lead to ER retention, the helix B point mutant is functional and rea-
ches the plasma membrane as efficiently as wild-type channels. In
consequence, our data reveals a critical role for helix B in CaM-dependent traf-
ficking, and demonstrates that the constitutive tethering of CaM is not required
for Kv7 channel function.
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The Structure and Heterogeneity of the COPII Coat
Scott Stagg, Jason O’Donnell, Nilakshee Bhattacharya.
The COPII proteins Sar1, Sec23/24 and Sec13/31 are involved in transporting
cargo from the endoplasmic reticulum to the Golgi apparatus. In recent years
several structures have been solved that elucidate the mechanisms employed
by the individual COPII proteins. In order to transport the large variety of cargo
in the cell, the COPII coat must be capable of expanding and contracting. We
have used electron tomography to quantify the range of conformations accom-
modated by the Sec13/31 cage. Moreover, we have reconstructed a structure of
a COPII coat cage assembled from Sec13/31 and Sec23. The assemblies form at
least two geometries, and the most common size is 600 A˚, similar to what has
been observed for Sec13/31. We will discuss how the orientation of Sec23 may
dictate cage geometry and orient Sar1 to participate in the fission of COPII
coated vesicles in the cell.
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The Structure of a COPII Tubule
Jason K. O’Donnell, Kerry Maddox, Scott Stagg.
Nearly a third of all eukaryotic proteins are transported from the ER to the
Golgi apparatus through the secretory pathway using COPII coated vesicles.Evidence suggests that this transport occurs via 500-900A˚ vesicles that bud
from the ER membrane. It has been shown that procollagen molecules utilize
the COPII proteins for transport, but it is unclear how the COPII coat can ac-
commodate these ~3000A˚ long molecules. We now present a cryogenic elec-
tron tomographic reconstruction of a Sec13/31 tubule that is approximately
3300A˚ long containing a hollow cylindrical interior that is 300A˚ in diameter,
dimensions that are consistent with those that are required to encapsulate a pro-
collagen molecule wrapped in a membrane and accessory COPII components.
This structure suggests a novel mechanism that the COPII coat may employ to
transport elongated cargo.
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Variations in Membrane Rigidity Induced by the Vesicle Trafficking Pro-
tein Sar1
Andrew F. Loftus, Raghuveer Parthasarathy.
Understanding how specific proteins manipulate the shape and form of mem-
branes is crucial to understanding key biological functions. Membrane curva-
ture generation enables the creation of structures such as intracellular
transport vesicles, and also guides geometry-dependent protein localization.
We focus on Sar1, a roughly 21.5 kDa GTPase of the COPII family of coat pro-
teins, which initiates the assembly of coated vesicles at the endoplasmic retic-
ulum. Our recent work has shown that the yeast (S. cerevisiae) Sar1p
dramatically lowers membrane rigidity, and has an energetic preference for
concave curvature (Settles et. al. Biophysical Journal, 99(5) pp. 1539 -
1545). Exploring the structurally similar mammalian Sar1 paralogs Sar1a
and Sar1b, using both optical-trap based assays involving dynamic membrane
deformation and microfabricated surfaces that present controlled curvatures to
the proteins, we quantify the mechanical properties of Sar1-membrane interac-
tions and delineate differences in the abilities of these proteins to lower the
membrane bending modulus.
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Structure Formation in the Cell’s Secretory Pathway
Matthias Weiss.
Virtually all membrane proteins, i.e. about 30% of the cell’s proteom, enter
the endoplasmic reticulum (ER) during or after translation. Having cleared
the ER quality control, these proteins are packaged into small transport ves-
icles at so-called ’ER exit sites’. Vesicles emerging at ER exit sites shuttle
their protein cargo to the cell’s major hub for protein sorting, the Golgi ap-
paratus. The existence and morphology of a Golgi apparatus critically de-
pends on this incoming flux of nascent proteins and membranes. Using
light microscopy and simulations, we have addressed the self-assembly of
ER exit sites and the Golgi apparatus. As a result, we find that already fairly
simple models are capable of describing the experimentally observed pheno-
types and dynamics of ER exit sites and the Golgi apparatus in a variety of
organisms.
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Organelle Number is Determined Solely by Coat-SNARE Interactions in
a Computational Model of the Eukaryotic Endomembrane System
Rohini Ramadas, Mukund Thattai.
Eukaryotic cells have a dynamic traffic network, consisting of membrane-
bound organelles that exchange matter via vesicle-mediated transport. The
global structure of this traffic network is described by the number of organelles,
their sizes and shapes, and the topology of the network of transport. This struc-
ture is highly robust to perturbations, which suggests that it arises through the
local properties and interactions of the molecules that make up the system. We
are interested in understanding how local molecular interactions determine the
global structure of the traffic network.
We present a minimal mathematical model of the traffic network, extending the
model developed by Heinrich and Rapoport (1). This model incorporates coat
proteins that cause vesicles to bud off membrane-bound compartments, and
SNARE proteins that cause vesicles to fuse into these compartments. We
show that the number of compositionally distinct ‘organelles’ depends only on
the number of coat and SNARE types, and the interactions among them, regard-
less of the number of initial compartments. In particular, one needs a minimum
degree of specificity in the coat-SNARE and SNARE-SNARE interactions in or-
der to maintain compositionally distinct organelles at all. Finally, we show that
this minimum degree of specificity increases as cell complexity (the number of
distinct organelles) increases.
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